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PRELIMINARY INVENTORY OF HYDROPOWER RESOURCES

INTRODUCTION

Since completion of the world’s first central hydroelectric generating
facility at Appleton, Wisconsin in 1882, hydropower has played a major
role in our nation’s social and economic development. Although this
first installation was comparatively small (providing only enough power
to light 250 light bulbs), it had a large impact, and streams and rivers
across the country were rapidly developed to generate electricity.
Today, hydropower provides about 13 percent of the nation’s total
electric power with a conventional installed capacity of about 64,000
megawatts and an average annual energy generation of some 280 thousand
gigawatt-hours.

Hydroelectric power development was rapid during the first half of the
twentieth century, but by the mid-1960°s many factors had combined to
diminish its contribution to electrical utility systems. First, the
most favorable sites were developed early, and the undeveloped potential
simply did not look as attractive when compared to other available
energy sources. Second, demand for electricity increased rapidly during
the 50°s and 60°s, and even with the continued development of new sites,
hydropower’s '"share of the load" steadily decreased. Finally, the low
cost of fossil fuels and optimistic forecasts concerning nuclear
technology and its public acceptability led many planners to believe
that the nation’s energy future was secure.

During the past decade, a number of interacting factors, including
rising fuel prices, rapid escalation of the costs in constructing
thermal generating facilities, and increased public concern over the
safety of nuclear plants have prompted not only a search for new energy
alternatives, but also a reexamination of previously ignored or
discounted alternatives. Because of the immediate need to develop new
sources of energy, planners at all levels of organization have
significantly increased their efforts to assess the most feasible
alternatives to meet present and future energy demands. Hydroelectric
power development, particularly incremental or new capacity at existing
facilities, could provide an important contribution to our nation’s
growing energy needs.

The U.S. Army Corps of Engineers is currently conducting a detailed
assessment of the nation’s hydroelectric resources as part of the
National Hydroelectric Power Study authorized by Section 167 of the
Water Resources Development Act of 1976 (P.L. 94-587). The study is
designed to provide a current and comprehensive estimate of the
potential for incremental or new generation at existing dams and other
water resource projects, as well as for undeveloped sites in the United
States. In addition, the study will address the demand for
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hydroelectric power, and will investigate various related policy and
technical considerations to determine the incentives, constraints and
fmpacts of developing hydropower to meet a portion of our future energy
demands. When complete in 1981, the effort will provide a more detailed
evaluation of the nation’s hydroelectric resources, and will serve as a
framework for future planning and development of this important
renewable energy source.

The National Hydropower Study addresses all conventional hydroelectric
power potential at Federal and non-federal installations, and considers
both large and small-scale dams and other water resource projects. The
Corps of Engineers involvement in studying the nation’s small-scale
potential dates from President Carter’s Energy Plan of 1977. This
program specifically recognized the opportunity for redeveloping small-
scale hydropower as an alternative source of energy and the President
directed the Corps to produce summary estimates of the potential at
existing small dams in the country.

The directive led to the Cofps’ preliminary 90-day hydropower study
which was published in 1977°. This study was the first to provide
comprehensive estimates of the small-scale potential at existing dams
and also identified key areas of the country where small-scale
hydropower development could potentially reduce dependence on fossil
fuels as a source of energy generation. It is important to note that
these estimates were based largely on theoretical potentials calculated
for the river basins in the United States and were not the product of
site-specific investigations.

During the initial planning stages of the National Hydropower Study, the
U.S. Department of Energy requested that a more detailed assessment be
made of the nation’s small-scale hydroelectric resources. Because of
the wide public interest in this potentially valuable alternative energy
resource, the small-scale assessment has been integrated into the
overall National Hydropower Study and is included in this series of
reports,

PURPOSE _AND SCOPE

Site-~specific information on the physical hydroelectric power potential
is essential in determining the social, economic, institutional and
environmental feasibility of developing this resource. Because of the
immediate need for wide dissemination of state, regional and national
hydropower data, the Corps’ Institute for Water Resources has prepared

R. J. McDonald, Estimate of National Hydroelectric Power
Potential at Existing Sites, Institute for Water Resources, Ft.

Belvoir, Virginia, July 1977.




this series of regional reports, Preliminary Inventory of Hydropower
Resources. The inventory is the result of a comprehensive data

collection effort conducted by the Corps of Engineers and is based on

site-specific analysis and evaluatiom.

The purpose of these reports 1is to provide preliminary estimates of the
existing and potentially feasible hydroelectric power resources in the
United States, and to briefly evaluate their regional significance. I[lie
estimates of existing, incremental and undeveloped hydropower potential
have been grouped in three categories which are based on megawatt (MW,
capacity. These include small-scale (.05-15 MW); intermediate (15-25%
MW); and large-scale (greater tham 25 MW).

The reports have been organized into 6 volumes, each divided along
regional boundaries of the United States (Figure 1). The regions have
been arbitrarily selected, but each roughly approximates broad physical
and cultural divisions of the country. They include:

ae. Pacific Northwest (Vol. 1)
b. Pacific Southwest (Vol. 2)
Ce Mid-Continent (Vol. 3)

de. Lake Central (Vol. 4)

e. Southeast (Vol. 5)

f. Northeast (Vol. 6)

Each volume of the Preliminary Inventory of Hydropower Resources
contains a description of the methods of study, national and regional
summary statistics, and a brief assessment of the resource potential.
Appendix 1 of each volume contains invididual state summary totals with
the data grouped in various hydraulic head and capacity ranges, and an
inventory of all potentially feasible sites in each state included in
the appropriate region. The inventory includes site-specific geographic
information, project purpose and ownership references, refined
streamflow and hydraulic data, and the capacity and hydroelectric energy
estimates. Appendix 2 of each volume is a brief description of the
hydroelectric power terms used in the reports, and for further
information, Appendix 3 contains a list of Corps of Engineers Division
and District field offices.

METHODS OF STUDY

The preliminary inventory of potentially feasible hydropower resources
includes an estimate of the capacity and energy available at both
existing dams and undeveloped sites in the United States. The major
source of data on existing hydropower facilities was the National
Inventory of Dams developed ?y the Corps of Engineers as part of the
National Dam Safety Program. This inventory contains geographi

2
U.S. Army Corps of Engineers, National Program of Inspection of

Dams, in 5 Volumes, Office of the Chief of Engineers, Washington, D. C.,
May 1975
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physical, and ownership data on approximately 50,000 dams in the
nation. Identification and data collection on undeveloped sites was
more limited since only about 5,000 sites had beeun identitied or
previously studied by the Corps of Engineers and other local, state and
Federal water resource agencies. In addition, no attempt was made to
include pumped storage sites in the inventory.

The data in the original national inventory of dams were supplemented as
necessary to develop preliminary estimates of the hydroelectric power
potential at each site. Computer routines which utilized head, storagc
and streamflow estimates were developed to compute the capacity and
energy potential of each existing dam and undeveloped site. A screening
routine was used to eliminate those sites without sufficient storage,
head or streamflow to generate a significant amount of electrical
energy. Generally, the existing dams and undeveloped site locaticus
listed in the inventory are those with a capacity of 50 kilowatts or
greater. In most cases, the current installed capacity at existing dams
was derived from the nameplate capability. This initial screening
procedure reduced the number of sites in the active inventory from
approximately 55,000 to about 17,500.

During the second stage of the preliminary screening, additional
physical data were collected for all sites remaining in the inventory.
In particular, the supplemental data inciuded the designation of a U.S.
Geological Survey (U.S.G.S.) reference gaging station; a refined
estimate of tlie availablie net power head; and an estimate of Loc
drainage area associated with each site. Computer routines develoned by
the Hydrologic Engineering Center and the Corps' Southwestern Division
were utilized with USGS streamflow data and drainag- area measurcments

to produce a synthetic flow-duration curve at each site. Conventicnal
flow-duration analysis was used to astimate the capacity and cuergy
available at cach site for a range of plant factors.

Generalized cost estimates were developed by the Corps' North Pacific
Division to approximate the cost of turbines, generators, and other
powerhouse costs associated with the representative capacity selected
for each site in the inventory. Generalized regional power values,
developed for the study by the Federal Energy Regulatory Commiscion
(FERC), were used to provide a preliminary estimate of the value of the
potential capacity and energy at each site. Each site was then sized
at the capacity and energy which gave a maximum net benefit. A second
screening, comparing the estimated powerhouse cost with the value of
power to be produced, eliminated those sites which had doubtful economic
feasibility. This =creening process reduced the active inventory to
approximately 11,000 sitesc which are contained in these regional
reports.

The basic objective of ‘lie preliminary inventory and analysis procedures
is to provide a comuichensive assessment of the undeveloped
hydroelectric power potential in the United States and to determine




which sites merit more thorough investigation. Accordingly,
conservative assumptions have been made in the screening and analysis
process to avoid eliminating any potentially feasible sites. The
curtrent summary tables provide the best estimates to date, but to some
degree, may overstate the actual capacity and energy which could be
devetoped. The estimates for individual sites may be overstated for the
following reasons:

4. A reduction of net power head due to rising tailwater
conditions during high flows was not computed.

b. The analysis toechnique of maximum net benefits, using
incomplete project cost resulted in a low plant factor operation.
Itiis type of operation could require more reservoir storage than is
available for regulating power flows or could cause fluctuations in the
surface elevation of the reservoir or downstream flow that would not be
acceptable,

¢. Computations ignored diversion of water for other uses, as well
as losses due Lo evaporation.

d. Turbines were assumed to be 100 percent efficient, and head
losses through penstocks were not estimated.

e. During periods of high flow, it was calculated that streamflow
would pass through the turbines at the design discharge rate when
infact, during excessively high flows, the plant may be shut down
Iocause of high tailwater and reduced head.

{. Summary tables include estimates of the potential capacity and
energy at each site in the inventory. In some cases, individual
projects may be site alternatives to others in the same general
location, when only one can be considered for hydropower development.

g. Detailed consideration of the social, economic, institutional
and environmental constraints associated with hydropower development
were not specifiecally included in the analysis.

All of the issues listed above will be addressed during future stages of
the Nationmal Hydropower Study through the addition of more detailed
site-specific information, and by refinements in the computer routines
used in assessing the data.

;
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RESOURCE ASSESSMENT

National Potential

Estimates of the existing, incremental and undeveloped conventional
hydroelectric power potential for the various regions of the United
States are presented in Table 1. The total physical resource for ali
reglons is estimated to exceed 512,000 MW of capacity with an average
annual energy generation greater than l.4 million GWH. At the present
time, the Corps has identified 1,251 existing hydropower facilitles
currently generating power with a total installed capacity of some
64,000 MW producing over 280,000 GWH of average annual energy. There
are over 5,400 existing dams which have the potential for new incremental
power development. Some of these are currently generating power, and
full development of the incremental potential could yleld an additional
capacity of some 94,070 MW with an average annual energy generation
exceeding 223,000 GWH. There are also some 4,500 potentially feasible,
undeveloped sites which, if fully developed for hydropower, could
produce another 354,000 MW with an estimated average annual energy
greater than 935,000 GWH.

The distribution of the overall hydroelectric power resource in the
nation is shown in Figure 2. The Pacific Northwest has the largest
proportion of the nation’s installed capacity and currently generates
some 48 percent of the conventional hydroelectric energy produced in the
United States. Other areas with a significant, but smaller proportion
of the total installed capacity and energy generation include the
Southeast, Northeast, and Pacific Southwest regions. Nearly all
existing hydroelectric facilities and other water resource projects in
the country have the capability for incremental energy generation with
the Northeast, Lake Central and Pacific Northwest having a large

share of this potential. The undeveloped hydroelectric resource is
widely distributed, but appears greatest in the Pacific Northwest, Mid-
Continent and Southeast regions, particularly at large-scale sites.

There are over 5,600 small-scale dams in the country which are either
generating power, or have the potential for incremental development.

The installed capacity at existing small-scale facilities is estimated
to be some 3,000 MW with an average annual energy generation exceeding
15,000 GWH. These values represent about 5 percent of the nation’s
current installed hydroelectric capacity and energy generation.
Approximately 5,400 MW of new incremental capacity could be installed at
a large percentage of the existing small-scale dams for an estimated
energy generation of about 17,000 GWH annually. In addition, some 2,600
potentially feasible, undeveloped sites have been identified which could
provide an estimated capacity c¢f 8,000 MW and more than 28,000 GWH of
average annual energy generation.

As shown in Figure 3, the amount and regional distribution of the smali-
scale resource potential varies considerably, as these patterns closely
reflect an interaction between climate, landforms and settlement
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history. The greatest number and density of small-scale facilities with
installed capacity are found in the Northeast and Lake Central regions
of the country. When considered together, these two regions generate
more than 53 percent of the total energy produced from all small-scale
facilities in the United States. All regions have the potential for
incremental power development at existing sites, especially the Northeast,
Lake Central and Mid-Continent regions. Significantly, many of the
small dams with incremental potential in these regions are located near
smaller population and industrial centers where existing transmission
interties are well developed. The undeveloped hydroelectric potential
at small-scale sites is widely distributed, but appears greatest in the
Pacific Northwest, Lake Central, and the Northeast regions of the
country.

Pacific Southwest

The estimates of existing, incremental and the undeveloped hydropower
potential for all states in the various regions of the country are
presented in Table 2. In the Pacific Southwest region, the maximum
physical potential for all sites exceeds 33,000 MW of capacity with an
estimated average annual energy greater than 85,000 GWH. By comparison,
these values represent about b percent of the total potential capacity
and hydroelectric energy generation estimated for the entire United
States.

Of the total capacity estimated for the region, 9,900 MW has been
installed. The remainder (23,200 MW) is the maximum which could be
developed by upgrading and expanding existing projects (6,000 MW), and
by installing new hydroelectric power capacity at all potentially
feasible, undeveloped sites (17,200 MW). Smali-scale facilities account
for less than 4 percent of the region's total installed capacity, but
another 600 MW could be added to these and other small water resource
projects. In addition, 600 MW could be installed at potentially
feasible, undeveloped small-scale sites. The small-scale resource
varies considerably, with the states of California and Utah having the
largest potential for incremental development at existing projects in
the Pacific Southwest region.

SUMMARY

Over 5,400 existing structures have been identified as having the physical
potential to add hydropower plants or increase hydropower output thereby
increasing our present hydropower capacity from a total of 64,000 MW to
158,000 MW and our energy from 280,000 GWH to 503,000 GWH. While the
physical potential for this increase is clearly available, some of these
projects will undoubtly not satisfy more detailed economical analysis as
well as the institutional and environmental criteria which will be imposed
upon them.
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More than 4,500 undeveloped sites have been identified as having the
physical potential to increase our capacity by 354,000 MW and our energy
by 936,000 GWH. Many of these have less chance of acceptance than the
modifications to the existing projects because of the more adverse
environmental and institutional effects. Unfortunately, 47 percent
(166,700 MW) of this undeveloped potential is located in Alaska where

it would be economically difficult to transmit the power to the potential
user.

For the nation's existing hydroelectric power sites, large-scale facilities,
25 MW and greater, account for approximately 92 percent of the capacity and
energy generation, particularly those located in the Pacific Northwest and
Southeast regions. Small-scale facilities account for about 5 percent of
the nation's installed capacity and hydroelectric energy, but incremental
development of other potentially feasible, existing small-scale projects
could more than double this output by adding another 5,400 MW of capacity
and 17,000 GWH of energy to the total. The distribution of the existing
small-scale resource is extremely variable, but nearly all regions of the
country have the potential for incremental energy development. The
undeveloped potential for all sites and capacity ranges is also widely
distributed, and appears greatest in the Pacific Northwest, Southeast and
Mid-Continent regions of the country.

As stated earlier, these data are preliminary; the capacity and energy
estimates represent the maximum physical hydroelectric potential which
could be developed in each state and region. The incremental potential
and that estimated for undeveloped sites do not include detailed
consideration of the engineering, economic, financial and environmental
constraints; nor do they include an assessment of the competitive use of
water at existing impoundments, or consideration of the complex social,
legal and institutional feasibility, all of which could preclude full
development of the hydroelectric potential. Future investigations by
the Corps of Engineers and other local, state and federal agencies will
consider these factors in more detail, and further refine the actual
feasibility of the most favorable sites in the inventory.

Publication of preliminary resource information involves the risk that
errors and omissions may exist, and this inventory is no exception. At
present, the Corps' inventory of hydroelectric power resources is an
active screening tool; its primary function and widest utility is to
present a viable list of existing and potentially feasible hydroelectric
power sites, and to provide reasonably accurate estimates of the
aggregrate state, regional and national development potential. For this
purpose, users of the inventory are encouraged to assist in the
continuing refinement of the data base by bringing errors and omissions
to the attention of the appropriate Corps of Engineers Division or
District office.

For futher information concerning specific hydroelectric power sites in
any state or region of the country, a complete list of Corps' Division
and District representatives for the National Hydropower Study is provided
in Appendix III.
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APPENDIX 1
U.S. ARMY CORPS OF ENGINEERS
SUMMARY SHEET AND SITE SPECIFIC
LISTING OF HYDROELECTRIC POWER RESOURCES

BY STATE AND COUNTY

Arizona, California, Hawaii, Nevada and Utah
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